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Cystic fibrosis (CF) is a multisystem disease that leads to chronic sinopulmonary disease, pancreatic exocrine impairment, elevated sweat chloride, and male infertility. These phenotypic abnormalities are caused by dysfunction of the CF transmembrane conductance regulator (CFTR) protein, a chloride channel present at the apical membrane of the epithelia of most luminal surfaces of the body. CFTR maintains the homeostasis of the pulmonary airway surface liquid layer through its actions as a chloride channel and its influence on the epithelial sodium channel. Nearly 2,000 mutations in the *CFTR* gene that can lead to dysfunction of the CFTR protein and result in a CF phenotype have been identified. CFTR dysfunction particularly affects airway epithelial and glandular cells and results in a decrease in the depth of the airway surface liquid layer in the lungs, an increase in the viscosity of airway secretions, and a decreased ability to clear bacterial infections.

CF is a common inherited disorder of Caucasians, affecting 1 in 2,500 births, and it is the most common lethal autosomal recessive genetic disorder in this population \[[@B1]\]. Over the last few decades, advancements in disease management have resulted in improved patient survival, with the median survival now exceeding 38 years of age \[[@B2]\] (fig. [1](#F1){ref-type="fig"}). This represents a dramatic improvement in survival compared to previous decades, as the median predicted survival was approximately 25.5 years in 1985 and 17 years in 1970 \[[@B1]\]. Approximately 50s% of all individuals with CF are now 18 years of age or older \[[@B2]\].

This improvement in outcomes is a result of the development of multiple new medications that slow the progression of lung disease, including mucolytics designed to address the increased viscosity of airway secretions and intravenous and inhaled antibiotics allowing better management of chronic infections. In addition, the development of standardized treatment guidelines and organized care teams has aided in the improvement of clinical outcomes \[[@B3]\].

Even in this setting of improving care, however, new challenges have continued to emerge in the treatment of CF. Three particularly important areas of challenge that have been identified as obstacles for continued improvement of outcomes include: (1) the increasing prevalence of difficult-to-treat bacteria, such as methicillin-resistant *Staphylococcus aureus* (MRSA), (2) the growing burden of numerous new therapies leading to patient nonadherence to treatment regimens, and (3) the need to treat the underlying CFTR dysfunction to prevent progressive lung disease. This review will highlight recent findings and ongoing research in each of these three important emerging areas.

Emerging CF Challenge No. 1: Increasing Prevalence of MRSA {#sec1_2}
==========================================================

Despite improvements in outcomes, the majority of CF patients still die from pulmonary complications, and treatment of bacterial lung infection remains one of the primary goals of CF care \[[@B4],[@B5]\]. MRSA has emerged as a particularly vexing component of this challenge. While known pathogens such as *Pseudomonas aeruginosa* and *Burkholderia cepacia* continue to affect CF disease progression, over the last decade MRSA has demonstrated a notable increase in prevalence, including among individuals with CF, increasing from 4s% in 1999 to 25.7s% in 2010 \[[@B2],[@B6]\] (fig. [2](#F2){ref-type="fig"}). At some US CF care centers, nearly 50s% of the patient population has been demonstrated to have MRSA pulmonary infection \[[@B2]\].

Along with concerns about increasing prevalence, emerging research has demonstrated that MRSA pulmonary infection has a significant clinical impact on individuals with CF. Two large observational studies utilizing the US Cystic Fibrosis Foundation National Patient Registry (CFFPR) database demonstrated that persistent infection with MRSA is associated with worse outcomes. The first analysis demonstrated an association between persistent MRSA infection and a more rapid rate of decline in *lung function,* as measured by the FEV~1~ s% predicted \[[@B7]\]. This association was noted in individuals with CF aged 8--21 years even after controlling for other factors known to contribute to lung function decline. Patients with persistent MRSA were found to have a 43s% more rapid rate of decline of FEV~1~ s% predicted compared with MRSA-negative patients. Moreover, when examining FEV~1~ in individual patients over time there was a 25s% more rapid rate of decline in lung function after acquisition of persistent MRSA compared to the time prior to infection.

Recent research has also demonstrated that chronic MRSA infection in CF has an effect on *survival.* In a separate analysis of the CFFPR, CF patients with persistent MRSA-positive respiratory cultures were shown to have a median survival time 6.2 years shorter than that of patients who remained MRSA negative during the study period \[[@B8]\]. The hazard ratio of mortality was calculated using Cox regression models, with adjustment for known contributors to worse survival. The adjusted hazard ratio of mortality for those 5,759 patients with MRSA was 1.27 (95s% CI 1.11--1.45, p \< 0.001). A time-lagged analysis also demonstrated a significant increase in the adjusted hazard ratio of mortality associated with MRSA, suggesting that MRSA is an independent risk factor for death and not just a marker of disease severity or end of life in individuals with CF.

The role of CF MRSA microbiologic epidemiology has been investigated and unique molecular characteristics of MRSA infection in CF have been identified that can contribute to worse outcomes. Specifically, virulent SCCmec I clonal strains able to grow as biofilms, small-colony variant MRSA, and presence of the Panton-Valentine leukocidin cytotoxin have all been demonstrated to influence the clinical course of MRSA infection in CF. Glikman et al. \[[@B9]\] demonstrated that hospital-acquired MRSA (identified by SCCmec II) was predominant in a pediatric population of chronically MRSA-infected CF patients, and community-acquired MRSA (SCCmec IV) was predominant in CF patients newly infected with MRSA \[[@B9]\]. In a separate analysis of MRSA isolates, Molina et al. \[[@B10]\] identified a particular MRSA clone, i.e. ST228-SCCmec I, which appeared to be associated with persistent infection in the CF patients at their care center. This clone demonstrated an increased ability to grow as a biofilm and the authors hypothesized that this characteristic could contribute to persistent respiratory infection. Additionally, small-colony variant MRSA has been recognized for its ability to contribute to persistent infection in a number of different clinical settings \[[@B11]\]. This may be attributable to the ability of small-colony variant MRSA to grow intracellularly, as well as increased antibiotic resistance, when compared with normal-colony variant MRSA \[[@B12],[@B13]\]. Finally, the emergence of Panton-Valentine leukocidin-positive MRSA in a CF population has been described, demonstrating the ability of this cytotoxin to cause more serious respiratory infections compared to Panton-Valentine leukocidin-negative MRSA \[[@B13]\].

Given the growing evidence of the effect of MRSA on clinical outcomes, a number of small clinical studies have investigated the optimal therapy for MRSA in CF (fig. [3](#F3){ref-type="fig"}). These studies, however, have been limited by small study populations, a lack of control groups, their single-center retrospective design, variable follow-up, and failure to differentiate incident versus persistent infection \[[@B14],[@B15],[@B16],[@B17]\]. Doe et al. \[[@B14]\] conducted a retrospective review of 37 adult patients at their CF center in Manchester, UK (average age 25.6 years, mean FEV~1~ 2.2 liters, and 75s% with *P. aeruginosa*). The study examined multiple eradication regimens in which most patients were treated with a combination of 2 oral antibiotics (rifampin, trimethoprim, or fusidic acid) for a minimum of 6 weeks. Eighteen patients were also treated with a course of nebulized vancomycin (200 mg 4 times a day for 5 days). They reported an overall MRSA eradication rate of 81s% at 6 months (although no distinction was made between patients with incident vs. persistent MRSA). Garske et al. \[[@B16]\] conducted a small study focusing on the treatment of persistent MRSA in adults with CF. Seven patients with known persistent MRSA (average FEV~1~ 36s% predicted, all with chronic *P. aeruginosa,* 6/7 previously treated with i.v. antibiotics for MRSA) were treated with oral rifampin and fusidic acid for 6 months. Five of the 7 patients (71s%) were culture negative for MRSA after completing this treatment regimen. Macfarlane et al. \[[@B15]\] investigated the treatment of incident MRSA in 17 pediatric patients cared for at their CF center in Belfast, Northern Ireland. Patients were treated with a 5-day course of oral rifampin and fusidic acid. This course of treatment was repeated if patients remained culture positive for MRSA, and a 10- to 14-day course of i.v. teicoplanin was initiated in patients who failed to clear MRSA after 10 days of oral antibiotics. Utilization of this protocol resulted in a 94s% eradication rate at 12 months. Solis et al. \[[@B17]\] also investigated the treatment of incident MRSA in pediatric CF patients. Fifteen patients were treated with nebulized vancomycin (200 mg 4 times a day for 5 days), oral vancomycin, and nasal mupirocin, and a 55s% eradication rate was achieved with the use of this protocol.

Given the recognition of the clinical significance of MRSA pulmonary infection in CF and the limited data available to guide current therapeutic approaches, two larger clinical trials have been initiated that are designed to assess the efficacy of treatment for both newly incident and persistent MRSA infection. The STAR-CF Too trial ('*STaph. Aureus* Resistance in CF, Treat Or Observe?') is a multicenter trial (University of North Carolina, Seattle Children\'s Hospital, and the CF Foundation Therapeutics Development Network), funded by the Cystic Fibrosis Foundation, in which 80 patients with incident MRSA infection will be randomized 1:1 to an observation arm or an eradication arm. The eradication treatment will consist of two oral antibiotics, topical mupirocin, chlorhexidine gargle, and environmental decontamination. Subjects will be followed for 6 months. The trial is designed to assess if an early eradication protocol is effective for the eradication of a new MRSA infection. Additionally, the trial aims to better characterize MRSA infection in CF and evaluate spontaneous clearance versus persistent MRSA infection in those not initially treated. The primary outcome measure is the proportion of subjects in each arm with MRSA-negative respiratory cultures at day 28. Secondary outcome measures include the use of antibiotics and the frequency of pulmonary exacerbations over the 6-month study period.

The PMEP Trial (Persistent Methicillin-resistant *S. aureus* Eradication Protocol) is a two-center trial (Johns Hopkins University and Case Western Reserve University), funded by the US CF Foundation, that is currently enrolling 40 CF patients with known, persistent MRSA pulmonary infection. The trial is designed to assess if a 28-day inhaled and oral antibiotic protocol can effectively eradicate persistent MRSA infection. The study is a double-blind, comparator-controlled, parallel-group study, with 1:1 randomization assignment to either vancomycin for inhalation (250 mg twice daily) or taste-matched placebo. Additionally, both groups will receive oral rifampin, a second oral antibiotic (trimethoprim- sulfa or doxycycline), mupirocin intranasal cream, and chlorhexidine body washes. The primary outcome is the percentage of patients who are MRSA free by respiratory culture 1 month after the 28-day treatment protocol in the intervention arm versus the control arm. Secondary outcomes include: the percentage of patients who are MRSA free 3 months after completion of the treatment protocol, the change in FEV~1~ from baseline on days 28 and 118, the change in MRSA colony-forming units, and the time to the first pulmonary exacerbation.

MRSA pulmonary infection presents a formidable clinical challenge that is increasingly encountered in the care of individuals with CF. Research to date has successfully identified the increasing prevalence of MRSA in CF and established the significant clinical impact MRSA can have on outcomes. Ongoing trials will provide further insight into the role of the molecular epidemiology of MRSA in outcomes and direct future therapeutic approaches toward effective management of MRSA infection in CF.

Emerging CF Challenge No. 2: Maintaining Patient Adherence to Complicated CF Medical Regimens {#sec1_3}
=============================================================================================

At the same time that the rise in prevalence of MRSA lung infection is presenting CF caregivers with a difficult challenge, individuals with CF are also facing an increasingly difficult challenge: adhering to their complicated CF medical regimen. Between use of inhaled mucolytics, inhaled antibiotics, airway clearance, nutritional enzymes, supplements, and equipment maintenance, most individuals with CF spend hours a day on their medications. Recent research has highlighted both the challenge of adherence to these complicated CF medical regimens and the impact that the degree of adherence can have on clinical outcomes.

Using the Epidemiologic Study of Cystic Fibrosis (ESCF) database, Konstan et al. \[[@B18]\] quantified changes in prescribing rates between 1995 and 2005. The use of most therapies increased significantly, including airway clearance (69.9--89.6s%), inhaled bronchodilators (72.0--84.0s%), dornase alfa (44.8--67.2s%), inhaled corticosteroids (16.0--49.3s%), inhaled antibiotics (6.5--43.1s%), oral nutritional supplements (18.3--24.5s%), and insulin/oral hypoglycemic agents (4.9--10.2s%). In addition, several new medications, such as oral macrolide antibiotics, inhaled hypertonic saline, and leukotriene inhibitors, became routine. It is no surprise then that individuals with CF now have regimens that are complex and burdensome and tend to only become more so over time.

Adherence to these complicated CF medication regimens is only approximately 50s%, with estimates ranging from 31 to 79s% depending on the specific regimen and the person\'s age \[[@B19],[@B20],[@B21],[@B22]\]. There is, however, often substantial variation even within individuals in terms of daily adherence. For example, studies have demonstrated that children with CF adhere more to their nebulized medications on evenings versus mornings, weekdays versus weekends, and when school is in session versus while on vacation \[[@B23],[@B24]\].

Several recent studies highlight the importance of adhering to treatments. Two studies have demonstrated the importance of inhaled tobramycin adherence by finding that poorer adherence was associated with an increased risk of hospitalization and increased health care costs \[[@B25],[@B26]\]. A different study found no association between dornase alfa nonadherence and the frequency of inpatient respiratory exacerbations but did demonstrate an association with longer length of stays in the hospital \[[@B27]\]. While the previous studies relied on health care claims data, a fourth study of 95 people reviewed clinical records and determined that a lower overall pulmonary medication adherence (average adherence to dornase alfa, hypertonic saline, azithromycin, and inhaled tobramycin) was associated with a more frequent occurrence of pulmonary exacerbations requiring i.v. antibiotics, and lower baseline lung function \[[@B19]\].

Together these data highlight that the level of adherence to medications does affect pulmonary health outcomes and the frequency of hospitalization. When it comes to costs, however, savings from reducing health care utilization are often offset by higher spending on prescription medications. Future research is needed on larger samples over longer periods of time to better quantify the degree to which different levels of overall adherence and varying patterns in daily adherence affect health outcomes and health care costs and whether the strength of these associations varies by subgroups such as age, gender, or disease severity.

To accomplish this, it will be helpful in the future to incorporate electronic monitors, such as the I-neb™ Adaptive Aerosol Device, into daily clinical practice because they capture the date, the time, and often the duration of medication use in an unobtrusive manner that does not place an additional burden on individuals with CF \[[@B28]\]. Other approaches to measuring adherence, such as patient report and clinician estimates, are notoriously inaccurate \[[@B20]\], and pharmacy refill data requires a longer period of time to establish an accurate estimate and therefore is insensitive to fluctuations in patterns of adherence \[[@B29]\]. Understanding patterns of nonadherence will aid in identifying adherence barriers and facilitators of adherence and determining the efficacy of interventions. Unfortunately, electronic monitors can be costly, require additional staffing to manage, and are not yet widely approved for use as a drug delivery device.

Many studies have evaluated potential adherence barriers and facilitators of adherence among adolescents and young adults with CF \[[@B30],[@B31],[@B32],[@B33],[@B34]\]. Commonly identified barriers include the overall treatment burden, competing social and work demands, forgetfulness, lack of a perceived necessity for the treatment, and being uncomfortable doing treatments in front of others. Factors identified as having a positive influence on adherence include attending a CF clinic, getting pulmonary function test results, support from significant others, medicine reminders, the presence of a perceived health benefit from the therapy, and having treatment lead to increased body satisfaction (e.g. wanting to gain weight when under the 50th BMI percentile). Interestingly, some people with CF report being intentionally nonadherent to rebel against having a routine, permit spontaneity, or reward themselves for high adherence at other times. Mental health problems, such as depression, can also affect adherence \[[@B35]\]. Barriers range from easy fixes that require a one-time intervention to more complicated psychosocial challenges that will require ongoing support and possible referral to behavioral health counseling. What is clear from these results is that people with CF face a wide variety of challenges and, more often than not, several barriers concurrently, suggesting that an individualized approach to reducing barriers is critical (fig. [4](#F4){ref-type="fig"}).

Unfortunately, there are few conclusive published studies of adherence interventions in CF, although there are several trials underway. Systematic reviews of adherence to date have concluded that education-only interventions are less effective than multicomponent interventions in improving adherence and illness self-management \[[@B36],[@B37]\]. Multicomponent interventions almost always include education but additionally provide one or more of the following: behavioral modification, parent training, problem solving, motivational enhancement, behavioral and health feedback, and social support. A recent Cochrane review of self-management education interventions for CF by Savage et al. \[[@B38]\] concluded that the interventions increased patients\' knowledge about what they 'should be doing' immediately following intervention delivery. Unfortunately, this knowledge alone did not effectively translate into sustained behavior changes or improved health outcomes. Thus, much like in other illnesses, interventions to support adherence in CF will need to include more than just education but also multicomponent strategies for behavioral modification.

In just the past few years, the field of CF adherence research has progressed dramatically. There is greater understanding about the importance of adherence, how to measure it, and which interventions might be effective. With several adherence trials in progress, our knowledge and our ability to help people with CF balance the need to follow their complex regimen will expand in the coming years.

Emerging CF Challenge No. 3: Correcting the Underlying CFTR Protein Dysfunction {#sec1_4}
===============================================================================

The ultimate way to address many of the ongoing treatment challenges in CF will be to treat the basic defect underlying the CF phenotype. Recent developments have made addressing the basic CF defect realistic for the first time.

The CFTR protein acts to maintain the airway surface liquid layer through its function as a chloride channel and its regulation of the epithelial sodium channel \[[@B17]\]. This liquid layer lines the surface of the airways and allows cilia to protect the lungs through continuous mucociliary clearance. When mutations in the *CFTR* gene cause a lack of CFTR production or dysfunction of the CFTR protein, the result is increased sodium resorption from the airways and formation of a contracted viscous surface liquid layer \[[@B39],[@B40]\]. This abnormal liquid layer forms the basis of CF lung disease and results in a cycle of recurrent mucous plugging, infection, and inflammation which causes progressive lung damage \[[@B41]\].

In the past, pulmonary therapies for CF have always targeted the viscous mucus or chronic airway infection characteristic of CF lung disease. While this resulted in improved outcomes and better survival, it never addressed the underlying basis of the CF lung disease and did not halt the progression of lung disease. Since the discovery of the CF gene in 1989, there has been a desire to address the underlying chloride channel defect characteristic of CF \[[@B42],[@B43],[@B44]\]. Recent results of a landmark phase III study in the 4s% of CF individuals carrying a mutation *(G551D-CFTR)* that gives rise to a G551D substitution in the CFTR protein have demonstrated that correction of the underlying channel defect of CFTR is both possible and results in a significant clinical benefit for individuals with CF \[[@B45]\]. These results usher in a new era in CF therapeutics in which treatments will improve patient outcomes by correcting the underlying chloride channel defect in CF. The emerging challenge now will be to correct the many different types of underlying chloride channel defects seen in CF.

CF follows a classic recessive inheritance pattern, so an individual must have a disease-causing CFTR mutation on each chromosome to develop a CF phenotype. Nearly 2,000 different *CFTR* mutations have been identified which when paired can result in a CF phenotype. These CFTR mutations can be grouped into different classes based on their effect on CFTR protein production, trafficking, function, and stability (fig. [5](#F5){ref-type="fig"}) \[[@B46]\]. Class I mutations result in no functional CFTR protein being made and include nonsense mutations causing premature stop codons that result in the production of truncated unstable RNA (G542X, W1282X, and R553X) \[[@B47]\]. Class II mutations, the most common type, cause protein misfolding that prevents CFTR from trafficking correctly to the cell surface and results in minimal functional CFTR reaching the cell membrane. *F508del-CFTR,* a 3-bp deletion that causes a single amino acid deletion from CFTR, is the best example of a class II trafficking mutation caused by misfolding. *F508del-CFTR* is the most common mutation in CF, with close to 90s% of individuals with CF worldwide having the *F508del-CFTR* mutation on at least one CFTR gene and approximately 50s% being homozygous for two *F508del-CFTR* mutations \[[@B47]\]. CFTR protein affected by mutations in classes III and IV reaches the cell surface but does not function normally as a chloride channel. Class III mutations result in the CFTR chloride channel opening time being significantly reduced. *G551D-CFTR* is the most common class III mutation \[[@B47]\]. Mutations in class IV also result in CFTR protein being present at the surface, but the chloride transport is reduced even when the channel is open \[[@B47]\]. Class V mutations cause a decrease in the overall chloride transport because there is a reduced amount of normal CFTR at the surface, usually due to intron mutations that reduce the efficiency of the production of CFTR by affecting splicing \[[@B47]\]. Class VI mutations are rare and decrease the stability of mature CFTR once at the cell membrane.

By understanding the classes of CFTR dysfunction based on mutation classes, it is easier to understand the emerging challenge of correcting the basic CFTR defect. These classes make clear that some CFTR mutations will be more challenging to correct than others -- particularly class I and II mutations in which little or no CFTR is present at the cell surface. However, at the present time all 6 classes have emerging therapies and/or ongoing clinical trials with the potential to address the underlying CFTR defect.

As mentioned previously, recent results of a study in individuals with the class III mutation *G551D-CFTR*, where the CFTR channel is present at the cell surface but is not open, demonstrated convincingly that correction of the underlying channel defect of CFTR results in a significant clinical benefit for individuals with CF. The small-molecule compound ivacaftor, previously called VX-770, increases the opening time of CFTR and increases the chloride flux through the CFTR channel. In a phase III clinical trial of ivacaftor in 144 individuals with CF carrying at least one *G551D-CFTR* mutation, twice daily oral therapy led to a mean absolute improvement of 10.5s% in FEV~1~ s% predicted (17s% relative improvement) within 2 weeks of starting the therapy. This improvement was maintained throughout the 48-week treatment period \[[@B45]\]. Treated participants also experienced a 55s% reduction in CF pulmonary exacerbations, a mean weight gain of 2.7 kg, and significant improvement in the measured quality of life (p \< 0.001) \[[@B45]\]. A follow-up trial in 52 CF children aged 6--11 years with at least one *G551D-CFTR* mutation demonstrated nearly identical effects on lung function, weight, and sweat chloride, with the mean improvement in absolute FEV~1~ s% predicted being 10.0s% at week 48 (relative 15.1s%) \[[@B48]\].

The results for ivacaftor in G551D patients were groundbreaking because they demonstrated that correcting CFTR chloride transport improves clinical outcomes. While only 4s% of individuals with CF carry a *G551D-CFTR* mutation, it is known from in vitro studies that ivacaftor also increases chloride transport in many other mutations in which CFTR is present at the apical membrane, including other mutations in class III and mutations from classes IV and V \[[@B49]\]. This provides an opportunity for ivacaftor to impact a larger number of patients -- estimated to be 15s% of patients or more. Phase III clinical trials of ivacaftor in other class III mutations and in the class IV mutation *R117H-CFTR* are now underway.

Class II mutations are by far the most important CFTR mutation class, however, because of how common they are. In most countries, close to 90s% of individuals with CF have at least one of the class II mutations *F508del-CFTR*. While ivacaftor increases chloride conductance for F508del-CFTR once the protein reaches the cell surface, protein misfolding prevents most of the protein from reaching the surface \[[@B50]\]. Lumacaftor (VX-809) is a new small molecular compound that has demonstrated its ability, in cell culture and in early phase II studies, to increase the amount of F508del-CFTR trafficking to the cell surface \[[@B51]\]. By using lumacaftor or another new CFTR corrector called VX-661 to aid in moving F508del-CFTR to the cell surface, and ivacaftor to increase the opening time and chloride conductance once it is there, it appears possible that function for class II mutations may be corrected. This combination was tested in a phase II study of individuals carrying the *F508del-CFTR* mutation and initial results suggested a beneficial effect on lung function in *F508del-CFTR* homozygotes \[[@B52]\]. A phase III study of the combination is ongoing in 2013--2014.

Class I mutations are the most difficult CFTR defect to address because they result in an absence of stable CFTR protein. Correcting CFTR function in patients with class I mutations will require either replacing the defective CFTR gene or altering the manner in which the protein is made. Both of these strategies are currently being pursued. The UK Gene Therapy Consortium is currently conducting a phase II trial in CF utilizing a nonviral lipid vector for DNA delivery that seeks to provide a corrected copy of CFTR DNA. The protocol includes monthly dosing by inhalation for a year, with results anticipated sometime in 2014 \[[@B53]\]. A second strategy for class I mutations is promoting full transcription by allowing read-through of the premature stop codons present in the majority of patients. PTC Therapeutics has attempted to do this with a small molecular compound, i.e. ataluren (previously PTC124), which allows read-through of premature stop codons, particularly 'UGA', the premature stop codon present in *G542X-CFTR* \[[@B54],[@B55]\]. While initial studies using measurements of nasal chloride transport suggested ataluren to be effective, a recently concluded phase III trial of ataluren in CF patients with stop mutations failed to meet its primary end point of improvement in FEV~1~ at 48 weeks \[[@B56],[@B57],[@B58]\]. The development of next-generation agents allowing read-through of premature stop codons is ongoing and will focus on both increased efficacy and specificity given the potential for read-through of other stop codons.

Recent clinical trials have demonstrated that correcting CFTR-mediated chloride transport results in significant improvement in clinical outcomes in CF. Taking this approach which is now available only for a small subset of patients and developing it for all classes of CF is perhaps the most important emerging challenge in CF, and it offers the potential to dramatically alter the outlook for individuals with CF worldwide.

Conclusion {#sec1_5}
==========

Continuing to improve survival in CF will require a multipronged attack against the many emerging challenges. Three particularly important emerging CF challenges, i.e. resistant bacterial infections, adherence to complicated medical regimens, and correction of the underlying CFTR defect, will require a multidisciplinary approach involving clinicians, care teams, microbiologists, and basic scientists, but addressing these challenges offers the opportunity to significantly alter outcomes in CF in the next decade.
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